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Abstract 
Background 
The impact of combined variants of Oxytocin Receptor (OXTR) and G protein β3 subunit genes was 
investigated in relation to retrospective reports of childhood as well as contemporary adult separation 
anxiety (SA), based on evidence of a β/γ dimer-mediated signaling for OXTR.  
Methods 
A case-control association study (225 healthy adults and 188 outpatients with depression) was 
performed to establish Risk-Combined Genotype (RCG) of the studied variants (OXTR rs53576 and 
the functional Gβ3 subunit rs5443). Current SA was evaluated by the ASA-27 and retrospective 
childhood symptoms by the SASI. GG genotype of OXTR rs53576 combined with T-carrier genotype 
of Gβ3 rs5443 represented the RCG.  
Results 
Compared to non-RCG, those with RCG had significantly higher levels of childhood and adult SA. 
The RCG was significantly associated with childhood SA threshold score (OR=2.85, 90%CI: 1.08-
7.50). Childhood SA was, in turn, strongly associated with a threshold SA score in adulthood (OR= 
15.58; 95% CI: 4.62-52.59).  
Limitations 
Although the overall sample size is sizable, comparisons among subgroups with specific combination 
of alleles are based on relatively small numbers.  
Conclusions:  
Our study indicates that variations in OXTR and Gβ3 genes are specifically associated with presence 
and severity of SA in childhood and adulthood, but not with depression or anxiety in general. Because 
there is increasing interest in oxytocin in social behavior, the gene-SA associations identified have 
potential translational and clinical relevance. 
 
Keywords: separation anxiety, oxytocin receptor,  Gβ3, depression, polymorphisms
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1. Introduction 
 
Depressive disorders are thought to result from the interplay of multiple genes interacting with 
environmental factors (Swaab et al., 2005; Grippo et al., 2007). There is substantial literature 
suggesting the involvement of the oxytocin (OXT) in depression based on evaluation 
of its levels in plasmatic/cerebrospinal fluid and of OXT transcripts in post mortem tissues of 
depressed patients (Scantamburlo et al., 2007; Wang et al., 2008). From this perspective, the 
traditional view of OXT as an endocrine hormone acting on peripheral organs (i.e., to induce labor and 
milk ejection) has been revised (Gimpl, G., Fahrenholz, F., 2001). Oxytocin is now considered to be a 
neurotransmitter or neuromodulator with central actions in the limbic system, particularly the 
amygdala, a key structure involved in mood disorders (Kirsch, 2015). Previous studies have 
documented modifications of neural activity induced by OXT in limbic regions of depressed patients 
(Pincus et al., 2010) and in animal models of depression (Slattery & Neumann, 2010). 
In numerous studies, depression has been found to be strongly associated with separation anxiety, a 
condition characterized by apprehension over rejection, abandonment and high sensitivity to real or 
perceived threats to relationships (Carnelley et al., 1994; Murphy and Bates, 1997; Mickelson et al., 
1997; Bifulco et al., 2002; Shaver et al., 2005; Conradi and De Jong, 2008). Separation from close 
attachment figures induces anxiety, which is normal and adaptive in early childhood. If this emotional 
state persists in its more severe form into adulthood, the individual feels unable to function alone in 
the absence of a reference person with a negative impact on depressive symptomatology, quality of 
life and outcome of treatment for mood disorders (Pini et al. 2014; Milrod et al. 2014; Marnane and 
Silove, 2013). The estimated lifetime prevalence of adult separation anxiety disorder occurring alone 
is 4.8%, but rate of comorbidity with depressive disorders reaches about 30% (Shear et al., 2006; Pini 
et al. 2014; Silove et al., 2015). Most studies, which attempted to identify the biological foundations of 
separation anxiety, pointed out the important role of OXT. Milrod and colleagues (Milrod et al., 2014) 
reappraised all available data on OXT in this context, concluding that altered plasma OXT levels are 
associated with greater anxiety and relationship dissatisfaction in persons with separation anxiety 
disorder. As might be expected given the strong evolutionary conservation of the small nonapeptide 
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OXT, mutation analysis of the corresponding gene, as a whole, has shown no consistent disturbance in 
separation anxiety disorder in adulthood  (Costa et al., 2009a). A positive genetic association with 
separation anxiety disorder in adulthood has been found however, for a single nucleotide 
polymorphism (SNP; rs53576) of the OXT Receptor (OXTR) gene (Costa et al., 2009b). Specifically, 
the GG genotype of this SNP has been linked to high levels of separation anxiety and insecure 
attachment in patients with major depression (Costa et al., 2009b). Other authors have found that an 
interaction between exposure to high levels of early adversity  with another OXTR SNP (rs2254298) 
is associated with the level of separation anxiety (SA) symptoms in adolescents (Thompson et al., 
2011). Although the precise genetic function of OXTR rs53576 remains to be established, a study 
suggests it may determine deficits in socio-behavioral domains such as separation sensitivity, 
attachment and positive affect (Tost et al., 2010). Interest in the potential psychiatric relevance of this 
genetic variant was furthered by studies indicating that rs53576A is over-transmitted in some families 
with offspring exhibiting autistic spectrum disorders and may represent a central component of 
haplotypes relevant to high-functioning autism (Werner et al., 2009).  
The SNP rs53576 is located within the third intron of the OXTR gene which appears to be 
instrumental in the epigenetic regulation of OXTR expression (Muzimoto et al., 1997). The OXTR is a 
prototypical G protein-coupled receptor (GPCR) known to couple to heterotrimeric Gq/11 protein. 
Contrary to the classical perspective on GPCR signaling, the / subunits are the major mediators of 
OXT-evoked activation of intracellular signaling, including both to peripheral cells and neurons 
(Zhong et al., 2011). In magnocellular neurons, the release of  subunits induced by OXTR activation 
has been shown to play a prominent role in generating burst firing patterns, indicating that the dimer is 
crucial for pulsatile neuropeptide secretion (Wang and Hatton, 2007).  
In our efforts to extend knowledge about the role of the OXT pathway in separation anxiety we 
explore the role of a functional SNP (rs5443) of 3 subunit of G protein gene in addition to that of 
OXTR rs53576) (Rosskopf et al., 2003; Ruiz-Velasco et al., 2003), given that the former may be 
involved in a intracellular signaling pathway activated by the stimulation of OXTR.  Our focus is also 
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influenced by the knowledge that the 3 subunit isoform of G protein is ubiquitously expressed in the 
brain, including in oxytoninergic regions (Liang et al., 1998; Zhong et al., 2003; Wang et al., 2007). 
The T allele of rs5443 causes an alternative splicing of exon 9 resulting in an in-frame deletion of 123-
bp. Gβ3 splice variant (termed Gβ3s) is 41 amino acids shorter than the wild-type Gβ3. Although this 
issue has been not definitively clarified, there is evidence of an inability of Gβ3s to activate a variety 
of intracellular effectors (Siffert et al., 1998). 
As described above, data from literature show a strong association between oxytocin pathways and 
depression. Parallel, converging evidences pointed out the essential role of OXT in the biological 
foundations of attachment behaviours of which separation anxiety represents one of most important 
clinical correlates among adult individuals (Milrod et al., 2016). Within this framework, in a previous 
study, we found a significant association between OXTR polymorphisms and several attachment 
dimensions among depressive patients (Costa et al., 2009b).  All these data, prompted us to explore, in 
patients with depression, whether combined genotypes of OXTR rs53576 and G3 rs5443 were 
associated with either childhood or adult separation anxiety and their relationship with depressive 
symptoms.  
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2. Method 
 
2.1. Subjects selection  
The study sample comprised 413 participants, of which 225 were healthy individuals. The remaining 
sample included an overall group of 188 consecutive adult psychiatric outpatients with Axis I mood 
disorders as a principal diagnosis referred to the outpatients’ clinic of the Department of Psychiatry at 
the University of Pisa. Patients with psychotic disorders, substance abuse and serious medical 
conditions were excluded from the analyses.  The study sample represented an extension of a sample 
used in a previous our work (Costa et al., 2009b). All recruited patients and controls were Caucasians 
on the basis of a retrospective analysis of their genealogy departing from three generations behind, 
according to previous studies (Fuku et al., 2015; Tannorella et al. 2016) .  Healthy individuals were 
recruited among university personnel and were assessed by SCID-I-NP (First et al. 2002a) and 
additional medical screening. Volunteers with a current or past history of major psychiatric disorders 
were excluded. The University of Pisa Ethical Committee approved the study design. All subjects 
provided written informed consent prior to participation after being informed of the nature of study 
procedures. 
 
2.2. Psychometric evaluation 
All patients were assessed with the SCID-I (First et al., 2002) to establish a DSM-IV Axis-I diagnosis 
and patterns of psychiatric comorbidity and were specifically screened for lifetime separation anxiety 
disorder. Patients were evaluated by the Hamilton Depression Rating Scale (HAM-D) (Hamilton, 
1960) to assess the severity of depression. Anxiety was assessed by the ‘Anxiety’ Factor score of the 
HAM-D (McClintock et al., 2011).  
 
2.3. Assessment of Separation Anxiety 
2.3.1. Adult Separation Anxiety – Checklist (ASA-27) 
The ASA-27 is a self-report questionnaire containing 27 items assessing relevant symptoms in 
adulthood (Manicavasagar et al., 2003). Participants respond to items on a four-point Likert scale, 
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ranging from “This has never happened” to “This happens very often”. Item scores (0–3) are added to 
yield a total score ranging from 0 to 81. The measure has shown a high level of internal consistency 
(Cronbach’s alpha = .89), and test–retest reliability (r = .86, p < .001) (Manicavasagar et al., 1997; 
Silove and Marnane, 2013). A total score of 22 or higher provides a threshold for adult separation 
anxiety that has been shown to correspond closely to a diagnosis of separation anxiety disorder based 
on a structured clinical interview (Manicavasagar et al., 2003). 
 
2.3.2. Separation Anxiety Symptom Inventory (SASI) 
The SASI is a 15-item self-report measure assessing separation anxiety symptoms retrospectively, 
based on experiences prior to 18 years of age (Silove et al., 1993). Items are scored from 0 to 3 on a 
frequency scale. The SASI has been shown to have sound internal (Cronbach’s alpha = 0.88)  and test-
retest reliability over 24 months (intraclass correlation coefficient = 0.89). In the development of the 
measure, distributions were found to be skewed, a pattern adjusted for by applying a square root 
transformation. Hence, a raw score of 16 generates a transformed score of 4. Mean transformed SASI 
scores of 4 or more have been associated with reports of past childhood separation anxiety disorder 
and/or school refusal, offering some evidence of the concurrent validity of the measure. 
 
2.4. Genotyping  
The studied SNPs were rs53576 (G6930A) located in intron 3 of OXTR (ID:5021) and rs5443 (C825T) 
located in exon 10 of G protein 3 subunit gene, (Gene name: GNB3; ID:2784). In Caucasians, the 
OXTR rs53576 and G3 rs5443 minor allele is A (frequency=0.35) (Walum et al., 2011) and T 
(frequency= 0.30) (Rosskopf et al., 2002), respectively. Genomic DNA from all subjects was isolated 
from peripheral whole blood cells with a QIAamp DNA Mini Kit (Qiagen). Genotyping analyses were 
performed by means of PCR-RFLP techniques, as previously described (Costa et al., 2009b; Willeit et 
al., 2003). Both the case and control status were blind to the operator during genotyping processes. 
Briefly, 25 μl PCR contained 1.25 mmol/l MgCl2, 200 µmol/l dNTPs, 50 ng of DNA, DNA 
polymerase (1 unit of Amplitaq Gold-Applied Biosystems for OXTR rs53576; 0.025 unit of Taq Gold 
Polymerase-Perkin Elmer for G3 rs5443), forward (Fwd) and reverse (Rev) primer (0.20 µmol/l of 
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each primer for OXTR rs53576: Fwd: 5’-GCCCACCATGCTCTCCACATC-3’; Rev: 5’-
GCTGGACTCAGGAGGAATAGGGAC-3’; 5 pmol/l of each primer for G3 rs5443: Fwd: 5’-
TGACCCACTTGCCACCCGTGC-3’; Rev:5’-GCAGCAGCCAGGGCTGGC-3’). Thermal cycling 
was performed with an initial denaturation of 5 min at 95 °C, followed by 35 cycles of 1 min at 95 °C, 
30 s at 60 °C, and 1 min at 72 °C, then followed by a terminal extension of 7 min at 72 °C. For OXTR 
rs53576, the PCR products were digested with 2.5 Units BamHI (New England BioLabs) and 
separated by electrophoresis on 2.5% ultrapure agarose-1000 (Gibco BRL). Digestion at 37°C resulted 
in 120- and 220-bp products for minor allele A, and in a 340-bp undigested product for the major 
allele G. For G3 rs5443, the PCR products were digested with 2.5 Units BseDI (New England 
BioLabs) and separated by electrophoresis in 2.5 % Nusieve GTG agarose gels (Cambrex). Digestion 
at 37°C resulted in 116- and 152-bp products for major allele C, and in a 268-bp undigested product 
for the minor allele T. 
 
2.4.1.  SNP predictive analysis on transcription factor binding 
The OXTR rs53576 was analyzed to predict whether it affected the binding affinity of transcription 
factors to their nucleotide sequences. The analysis was performed by the use of the Transcription 
factor Affinity Prediction (TRAP) Web tools developed at the Max Planck Institute for Molecular 
Genetics and available at Web site (http://trap.molgen.mpg.de/). This program identifies sequence 
motifs to which the transcription factors bind using the database of TRANSFAC and JASPAR 
matrices. The program sTRAP (difference between two sequences) was chosen as an option. The 
analysis was conducted by the simultaneous insertion of the two nucleotide sequences (1001 bp each) 
containing the G allele or A allelic variant of the polymorphism (in fasta format). Three types of 
analyses were made selecting as a matrix and a background model: 1) “Transfac_12.1 metazoans” and 
“chordate conserved elements”; 2) “Transfac_10.1 vertebrates” and “human promoter”; 3)“Jaspar 
vertebrate” and “human promoter”, respectively. 
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2.5. Statistical analysis 
Statistical analyses were performed using SPSS software (Version 20.0; SPSS Inc, Chicago, Ill). 
Hardy-Weinberg equilibrium (HWE) was tested by χ2 test for goodness of fit based on the web 
program HWE test calculator for biallelic markers (www.oege.org/software/hwe-mr-calc.shtml) 
(Rodriguez et al., 2009). The statistical package QUANTO 1.2.4.exe was used to evaluate the 
statistical power of the study. Given a case-control cohort of almost 200 subjects each and reported 
minor allele frequencies of 0.35 and 0.30 for G3 rs5443 and OXTR rs53576 respectively (Rosskopf 
et al., 2002; Walun et al., 2012), the study had an a priori power higher than 80% to detect ORs of 1.5 
or higher for each single SNP, and to detect ORs of 2.2 or higher for gene-gene interactions under the 
additive genetic model. For categorical comparisons and to assess differences in the genotype and 
allele distributions between groups, the χ2 test was performed. Odds ratios have been calculated and 
expressed with 95% confidence intervals (CIs). The synergy index (S) based on the method of 
departure-from-additivity model introduced by Rothman (Rothman, 1974) was calculated to assess the 
joint effect between risk factors. This method showed that the independent risk factors adhered to an 
additive model and then assessed the joint effect based on the departure from this additivity model. 
The S value was estimated by the mathematical formula: S= [OR(+/+) -1]/[(OR(+/-) -1)+(OR(-/+) -1)], 
where OR(+/+),OR(+/-), and OR(-/+) were odds ratio exposed to both two factors, only the first factor, 
and only the second factor, respectively. The S  is 1.0 when there is no interaction between the two 
factors. When S is greater than 1, the joint effect of two risk factors on the disease is greater than the 
sum of independent effects of each of the two factors, which suggests the presence of an interaction.  
Comparisons for dimensional scales were expressed in terms of mean scores and standard errors (SE) 
by using two-tailed Student’s t test. Linear regressions were performed in order to control for a 
possible confounding effect of sex on any association between the SASI or ASA-27 total scores and 
OXTR rs53576/G3 rs5443 non risk (-/-) and risk (+/+) combined genotype. 
Dichotomized squared root-transformed SASI scores (threshold : ≥4 vs < 4) (Silove et al., 1993) were 
used to calculate crude ORs representing associations between childhood separation anxiety and the 
combined genotype. For the association between adult separation anxiety and the combined genotype, 
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we used the dichotomized ASA-27 total score based on the pre-established threshold: ≥22 vs <22) 
(Silove et al., 2013). 
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3. Results 
 
3.1. Demographic and clinical characteristics of study samples 
 
Of the 225 healthy controls, 153 were females and 72 were males. Among patients, 131 were females 
and 57 were males. Patients and healthy individuals did not differ in sex distribution (Chi-square:  
0.13. p = 0.713). The mean age of controls and patients were, respectively, 42.2±11 and 42.5±12.4 
(t=0.260, p=0.795).  
The HAM-D mean total score was 11.2±7.22 in the overall sample of patients and the mean HAM-D 
‘Anxiety’ factor score was 2.85±2.19. Demographic and clinical characteristics of study patients with 
comparisons between bipolar (N=95) and unipolar subjects (N=93) are displayed in Table 1. 
 
 
3.2. Allele and genotype distributions of OXTR rs53576 and G3 rs5443 SNPs 
 
Allele and genotype frequencies of OXTR rs53576 and G3 rs5443 SNPs are summarized in Table 2.  
 
 
In healthy individuals, genotype frequencies of both SNPs were in Hardy–Weinberg equilibrium 
(χ2=1.489, df=1, P=0.222 for rs53576; χ2=0.982, df=1, P=0.322 for rs5443). Allele frequencies 
(Tab.2) are consistent with those previously reported for Caucasians (Walum et al., 2012; Rosskopf et 
al., 2002).  
For OXTR rs53576, comparison of allelic variant frequencies between patients and healthy individuals 
revealed an excess of GG genotype in patient group (P=0.037 vs GA genotype; P=0.049 vs A-carriers; 
Tab. 2). These results are consistent with previously published data (Costa et al., 2009b). For Gβ3 
rs5443, the comparison showed an excess of the TT genotype and T allele in the patient group 
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(P=0.016 vs CC genotype; P=0.025 vs C allele; Tab. 2), as previously reported (Bondy et al., 2002; 
Lee et al., 2004).  
For analyses of the combined OXTR rs53576/ Gβ3 rs5443 SNPs, the homozygous genotype carrying 
minor allele (rs53576 AA and rs5443 TT genotype) was relatively infrequent so that we collapsed 
homozygous and  heterozygous genotypes to form one group (named A-carriers and T-carriers, 
respectively). For OXTR rs53576, the GG and A-carrier groups were considered as the risk (+) and 
non-risk (-) genotypes, respectively. For G3 rs5443, the T-carrier and CC groups were considered as 
the risk (+) and non-risk (-) genotypes, respectively. Combinations of OXTR rs53576 and Gβ3 rs5443 
genotypes were grouped into four categories: those containing both of the risk genotype (+/+), those 
containing one of the risk genotypes (+/-), or (-/+), and those containing none of the risk genotypes (-/-
). As shown in Table 2, the genotype distribution comparison analyses revealed an increased number 
of individuals with both risk genotypes in the group of patients (OR=2.21, 95% CI=1.23-3.97, 
P=0.008). Analysis of the joint effect of OXTR rs53576 and Gβ3 rs5443 using the method of 
departure-from-additivity model showed a S value significantly greater than 1, suggesting the presence 
of a synergic interaction between the two SNPs (S=2.37; 95% CI =1.07-5.24).  
 
3.3.  Comparisons of SASI, ASA-27, HAM-D and HAM-D Anxiety Factor scores between OXTR 
rs53576/ G3 rs5443 combined genotype 
 
In Figure 1 (Part A), the SASI mean squared-root scores were 2.89±0.21 in (-/-) and 3.79±0.17 in 
(+/+) combined (t=3.313, df= p=0.001) genotypes respectively. Comparisons of SASI total scores 
between the genotype (-/+) or (+/-) and non risk genotype (-/-) were not statistically significant.   
 
 
In Figure 1 (Part B), the ASA-27 total scores in the (-/-) (27.6±2.22) and (+/+) (35.4±2.40) groups are 
displayed, being comparison significant (t=2.313, p=0.023). Comparisons of ASA-27 total scores 
between the genotype (-/+) or (+/-) and non risk genotype (-/-) gave no statistically significant results.   
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In Figure 1 (Part C), HAM-D total scores were 10.9±1.36 in the (-/-) group and 11.4±1.03 in the (+/+) 
group (t=0.299, p=0.767). Comparisons of HAM-D total scores between the genotype (-/+) or (+/-) 
and non risk genotype (-/-) were not statistically significant. 
In Figure 1 (Part D), the HAM-D ‘Anxiety’ Factor scores were 3.13±0.41 in the (-/-) group and 
2.01±0.30 in the (+/+) group (t=0-438, p= 0.662). No significant differences emerged  for comparisons 
of HAM-D ‘Anxiety’ Factor scores between the genotype (-/+) or (+/-) and non risk genotype (-/-).  
 
3.4. Associations (Odds Ratios) between OXTR rs53576/Gβ3 rs5443 combined genotype and 
separation anxiety 
 
3.4.1. Childhood Separation Anxiety (SASI ≥ 4) 
In the patient group, as shown in Figure 2 (part A), amongst subjects with a SASI total score < 4 
(SASI-), 77.8% (n=28) had a (-/-) and 55.1% (n=27) had a (+/+) combined genotype. Subjects with a 
SASI total score ≥ 4 (SASI+) comprised 22.2% (n=8) with a (-/-) combined genotype and 44.9% 
(n=22) with (+/+) the combined genotype. In terms of odds ratios, using the  (-/-) combined genotype 
as a reference category, the (+/+) combined genotype was significantly associated with assignment to 
the SASI+ group (OR=2.85, 90%CI: 1.08-7.50, p=0.034).  
 
 
 
3.4.2. Adult Separation Anxiety (ASA-27 ≥ 22) 
As shown in Figure 2 (part B), of subjects with an ASA-27 total score < 22 (ASA-), 38.9% (n=14) had 
a (-/-) and 22.4% (n=11) had a (+/+) combined genotype in patients group. Subjects with an ASA-27 
total score ≥ 22 (ASA+)  61.1% (n=22) were associated with the (-/-) combined genotype and 77.6% 
(n=38) with the (+/+) combined genotype. Using the (-/-) combined genotype as the reference 
category, the (+/+) combined genotype showed an increased association with ASA+ (OR=2.20, 
90%CI: 0.85-5.67, p=0.103), although not reaching statistical significance. 
Linear regression analyses were performed controlling control for sex in examining associations first 
between the SASI and then the ASA-27 total score and the (-/-) and (+/+) combined genotype of 
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OXTR rs53576/ Gβ3 rs5443 SNPs. Results showed no effect for sex with the SASI (+/+ genotype: ß= 
0.351, t= 3,428, p=0.001; sex: ß=0.53, t=0.520, p=0.605), nor with the ASA-27 (+/+ genotype: ß= 
0.251, t= 2.405, p=0.018; sex: ß=0.180, t=1.721, p=0.089). 
 
3.5 Relationship between Childhood Separation Anxiety (SASI ≥ 4) and Adult Separation Anxiety 
(ASA-27 ≥ 22) 
 
We found that 95.4% of subjects with a SASI score ≥ 4 had a total score ≥ 22 on the ASA-27. 
Conversely, among those with SASI score < 4, a similar percentage (57% and 43%, respectively) had 
ASA-27 ≥ 22 and ASA-27 < 22. In terms of Odds Ratios (OR), the presence of childhood SA was 
significantly predictive of having the same condition during adulthood (OR= 15.58; 95% CI: 4.62-
52.59). 
 
3.6 Predictive transcription factor binding analysis of OXTR rs53576. 
 
The potential functionality of rs53576 in the third intron of OXTR is uncertain. However rs53576 is 
located inside a region containing sequences involved in the epigenetic transcriptional regulation and 
in the binding of nuclear proteins (not yet identified) capable of suppressing the transcription of 
OXTR gene (Mizumoto et al., 1997). In order to explore the potential functionality of OXTR rs53576, 
in silico analysis was used to predict differential transcription factor binding affinities of sequences 
containing the OXTR rs53576 SNP. Among the top 10 predictions were differences in binding 
affinities of the transcription factors p53 and p63. In particular, the risk G allele (differently from the 
non-risk A allele) altered p53 sequence motifs, causing the loss of p53 binding affinity. Details of this 
analysis are presented in Table 3. 
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The results were obtained using Transfac database. Analysis by the use of Jaspar database gave for the 
Matrix_ID= MA0106.1, Matrix name=TP53: absolute difference log(p) =-1.73; P value for G allele= 
0.0036; P value for A allele=6.67e-05. 
 16 
4. Discussion 
 
We found a positive association between OXTR rs53576/ G3 rs5443 risk combined genotype (+/+) 
and separation anxiety specifically related to childhood manifestations, indicating a neural mechanism 
related to the oxytocinergic system that is not influenced by sex. Individuals with risk-combined 
genotype (+/+) were characterized by higher levels of childhood and adult separation anxiety (a trend 
for the latter) with respect to non-risk combined genotype (-/-). On the contrary, such associations 
were not found for levels of anxiety or depression in general, as measured by the Hamilton Depression 
Rating Scale, which, indeed, were not particularly severe at the time of the evaluation. These data 
suggest specificity of association between the two polymorphisms and separation anxiety. Rather than 
experiencing high levels of fluctuating anxiety, adults with SA report extreme anxiety about 
separations from major attachment figures (partner, children, or parents), fear that harm would befall 
those close to them and need to maintain proximity to them. Therefore, the nature of the social 
interaction and emotional response in relation to close attachment figures in patients with depression 
may be strongly related by these specific associations with separation anxiety (Milrod et al., 2016). 
These data align closely with previous evidences in this direction. Milrod et al. (2014), reviewing 
relevant literature on this issue, confirmed that separation anxiety is common among patients with 
depressive disorders and complicates course and negatively impact treatment response.  
Applying independent thresholds for childhood SA and adult SA (SASI score ≥ 4 and ASA-27 total 
score ≥ 22, respectively), the association between the risk genotype and childhood SA was statistically 
significant and approached that level in adulthood. These data indicate a genetic substrate for 
separation anxiety, which may be particularly marked where onset is in childhood. We also found that 
the presence of childhood SA was strongly predictive of having the same condition during adulthood 
(OR= 15.58; 95% CI: 4.62-52.59) suggesting that a lifelong pattern of this form of anxiety, 
commencing in early life, may be most associated with the genetic pattern under study.  In Figure 3, 
we integrate possible genetic and clinical relationships between childhood and adult separation anxiety 
on the basis of our data.  
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Taking into account our combined genetic and clinical findings, the data offer support for the 
hypothesis that the expression of SA in childhood is strongly related to the occurrence of the pattern in  
life, and that this lifelong pattern is related to alterations in oxytocinergic system (Eapen et al., 2014).  
It is possible, as suggested by our data, that the later the onset of SA, the less influenced the pattern is 
by genetic factors, environmental experiences, such as repeated traumatic losses or other adverse 
events perhaps playing a more decisive role. 
From a molecular point of view, the present findings suggest that the risk of the combined genotypes 
studies might be reflected in the effects on oxytocinergic pathway functionality. The combination of 
the risk allelic variants of rs53576 and rs5443 may result in altered intracellular signaling pathways by 
acting at two specific levels: alteration of OXTR expression and the OXTR-mediated intracellular 
response, respectively. In Figure 3B, we offer a schema proposing how allelic variants could 
contribute to modulate the OXTR-mediated pathway, based on our findings and extant data in the 
literature. In particular, our in silico results provided evidence that the OXTR rs53576 risk G allele 
abolishes the binding affinity of the transcription factor p53, suggesting that there is a potential 
alteration in the regulation of OXTR expression p53 which is known to be the most potent 
transcription factor activated in response to cytotoxic insults and one that exerts pro-apoptotic 
activities (Tolstonog et al., 2010). However, there also is emerging evidence of an intriguing non-
apoptotic role for p53 (axonal outgrowth and regeneration, synaptic remodeling) in the nervous system 
(Qin et al., 2009; Tedeschi et al., 2009; Buizza et al., 2013). Whether the in silico observed difference 
in p53 binding could account for patterns of altered OXTR expression in specific neuron populations 
represents a promising area for future research. Consistent with our hypothesis, additional SNPs 
located in intron 3 have been found to influence OXTR expression (Tansey et al., 2010; Dixon et al., 
2007). Although the functionality of rs53576 remains unknown, there is evidence for its potential 
involvement in structural neural alterations in key oxytocinergic regions. Indeed, rs53576 has been 
associated with changes in the volume of the hypothalamus, and in the structural coupling of the 
hypothalamus and amygdala (Tost et al., 2010; Wang et al., 2013). Concerning the G3 rs5443, 
emerging evidence supports its role in altered G3 protein functionality (Rosskopf et al., 2003; Ruiz-
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Velasco et al., 2003). Although it has been not definitively clarified, there is evidence of an inability of 
the splice-variant protein G3s derived from the risk T-allele in activating a variety of intracellular 
effectors (Siffert et al., 1998) (see Table 1 in Supplementary material). 
Limitations 
Limitations of this study should be acknowledged. Comparisons among groups with specific 
combination of alleles are based on relatively small sizes and, therefore, confirmatory data from 
independent studies are needed. Use of data collected from university personnel as control group may 
be associated with differences between patients and controls in aspects like socio demographic 
background or intelligence, both of them potentially affecting levels of anxiety (Coplan et al., 2011). 
In addition, we did not perform a genetic control of Caucasian origin. However, Caucasian origin was 
based on a retrospective analysis of their genealogy departing from three generations behind. This 
strategy has been used in previous studies (Fuku et al., 2015; Tannorella et al. 2016). 
The distinction made between childhood and adult separation anxiety based on the two measures used 
(the SASI and ASA-27) may be somewhat artificial in that it is possible that adults with heightened 
symptoms are prone to report similar emotional responses in early life and vice versa. Only 
longitudinal studies commencing in childhood are capable of addressing this issue critically. Finally, 
relationship of the oxytocin receptor gene with CSF or plasma oxytocin peptide has not been explored 
in this study. Therefore, it is difficult to integrate our findings into the general literature focusing on 
the measurement of the former indices across a range of mental disorders.  
Our data add knowledge on the role of oxytocin in abnormal behaviours and psychopathology. Further 
studies are warranted to shed light on alterations of oxytocin pathway as a key mediator for a range of 
common mental disorders in childhood and adulthood. This is a promising avenue that may hasten the 
discovery of personalized treatment approaches based on oxytocin administration or other forms 
therapy that influence its expression.  
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Figure legends 
Figure 1. Comparisons for dimensional scales between oxytocin receptor (OXTR) 
rs53576/Gβ3 rs5443 risk (+/+) (N=49) and non-risk (-/-) (N=36) combined genotype groups. 
Figure also shows comparisons between the genotype (-/+) (N=60) or (+/-) (N=39) and non-
risk genotype (-/-). A) B) and C) Bar graphs show results obtained for the Separation Anxiety 
Symptoms Inventory (SASI) mean squared-root, the Adult Separation Anxiety – 27 Items 
(ASA-27) and the Hamilton Depression Rating Scale (HAM-D) total scores, respectively. D) 
Bar graph shows results for HAM-D ‘Anxiety’ Factor. Data are represented as mean scores 
and standard errors (SE). Boldface indicates statistically significant results. 
Figure 2. Associations (Odds Ratios) between OXTR rs53576/Gβ3 rs5443 combined 
genotype and separation anxiety. A) Dichotomized squared root-transformed SASI scores 
(threshold for caseness: ≥4 vs < 4) were used to calculate by crude ORs the association 
between childhood separation anxiety disorder and combined genotype . B) For the 
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association between adult separation anxiety disorder and combined genotype, the 
dichotomized ASA-27 total score (threshold for caseness: ≥22 vs <22) was used. Boldface 
indicates statistically significant results. (N are reported in Figure) 
Figure 3. A) Relationship between OXTR rs53576/Gβ3 rs5443 combined risk genotype (+/+) 
and Threshold (SASI≥4) Childhood Separation Anxiety (CSAD) and Threshold (ASA-27≥22) 
Adult Separation Anxiety (ASAD). B) Interaction between the two OXTR rs53576/Gβ3 
rs5443 risk 
 
Table 1. Demographic and clinical characteristics of study sample (N=188) 
 
 Bipolar 
Patients  
N=95 
Unipolar 
Patients 
N=93 
 
 
t Test 
 
 
P value 
Age 40.92±11.7 44.3±12.5 1.905 0.058 
HAM-D total score 11.0±7.5  9.9±6.2 -.932 0.35 
HAM-D anxiety factor 2.91±2.2 2.79±2.2 .351 0.73 
ASA-27 total score 31.4±14.2 29.9±15.3 -.711 0.48 
SASI total score 3.3±1.3 3.3±1.4 -.142 0.89 
Age at onset of mood disorder 27.6±8.7 34.2±12.4 3.048 0.003 
Age at onset of separation anxiety 11.1±11.8 13.0±11.6 .657 0.51 
   Chi square P value 
Sex (M/F) 26/69 31/62 0.79 0.37 
Anxiety disorders comorbidity
1
 45 (48.9%) 37 (39.8%) 1.56 0.21 
SASI ≥4 2 25 (27.2%) 24 (25.8%) 0.04 0.83 
1
Panic disorder or social phobia or obsessive/compulsive disorder 
 
2
calculated on 92 bipolar patients  
 
Table 2.  Comparison of OXTR and G3 SNP distributions between patients and healthy 
individuals.  
OXTR rs53576 
 
  
Patients with 
depression 
(n=188)  
Healthy  
individuals 
(n=225) 

  OR [95% CI]

 
P 
Genotype n (%) n (%)   
GG 90 (47.9) 86 (38.6) reference  
GA 76 (40.4) 113 (50.2) 0.64 [0.47-0.97] 0.037 
AA 22 (11.7) 26 (11.6) 0.81 [0.43-1.53] 0.515 
A-carriers 98 (53.0) 139 (61.8) 0.67 [0.45-0.99] 0.049 
Allele
a
     
G 256 (68.1) 285 (63.3)   
A 120 (31.9) 165 (36.7) 0.81 [0.61-1.08] 0.153 
G3 rs5443  
 
    
Genotype n (%) n (%)   
CC 77 (41.0) 110 (48.9) reference  
CT 85 (45.2) 99 (44.0) 1.23 [0.81-1.85] 0.330 
TT 26 (13.8) 16 (7.1) 2.32 [1.17-4.62] 0.016 
T-carriers 111 (59.0) 115 (51.1) 1.38 [0.93-2.04] 0.107 
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Allele
b
     
C 239 (63.6) 319 (70.9) reference  
T 137 (36.4) 131 (29.1) 1.40 [1.04-1.87] 0.025 
OXTR rs53576/G3rs5443     
 
Combined Genotypes
c
 n (%) n (%)   
(-/-) 38 (20.2) 61 (27.1) reference  
(+/-) 39 (20.7) 49 (21.8) 1.28 [0.71-2.29] 0.411 
(-/+) 60 (31.9) 78 (34.7) 1.23 [0.73-2.09] 0.432 
(+/+) 51 (27.1) 37 (16.4) 2.21 [1.23-3.97] 0.008
d
 
a
OXTR
 
rs53576 allele frequencies in Caucasians (n=2309): G=0.65 A=0.35 (Walun et al., 
2012).  
b
G3 rs5443 allele frequencies in Caucasians (n=1855): C=0.70, T allele= 0.30 (Rosskopf et 
al., 2002).  
c
For OXTR rs53576: GG= risk genotype (+), GA or AA= non-risk genotype (-); For G3 
rs5443: CT or TT=risk genotype (+), CC= non-risk genotype.  
dsignificant difference after Bonferroni’s correction (0.05/3=0.017). Rothman synergy index: 
S=2.37; 95% CI [1.07-5.24]. Boldface indicates statistically significant results.  
 
Table 3: Top 10 predicted transcription factors with differential affinities to the two 
alternative sequences of OXTR rs53576 using sTRAP. The table is sorted from the highest to 
the lowest 'Absolute difference log(p) for two sequences'.  
Rank 
order 
Difference 
log(p) for the 
two sequences 
P value 
rs53576 G 
allele 
P value rs53576 A 
allele 
Matrix_ID Matrix name 
1 -1.428 0.0121 0.0004 M00034 V$P53_01 
 
2 -1.160 0.1436 0.0099 M01655 V$P53_05 
 
3 0.609 0.1538 0.6258 M01045 V$AP2ALPHA_02 
 
4 -0.522 0.3747 0.1126 M01651 V$P53_03 
 
5 0.486  0.0249  0.0763  M01002 V$DEAF1_02 
 
6 -0.461  0.2828  0.0979  M01652 V$P53_04 
 
7 -0.440  0.3858 0.1401  M01656 V$P63_01 
 
8 -0.288  0.8862  0.4562  M00619 V$ALX4_01 
 
9 0.230  0.2687  0.4562  M00470 V$AP2GAMMA_01 
 
10 0.164  0.3703  0.5407  M0046  V$AP2ALPHA_01 
 
 
 
Highlights 
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 Variations in OXTR and Gβ3 genes are associated with presence and severity of separation 
anxiety  
 Variations in OXTR and Gβ3 genes are not associated with depression or anxiety in general 
 Gene-separation anxiety associations have potential translational and clinical relevance 
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Footnote: A) Dichotomized squared root-transformed SASI scores (threshold for caseness: ≥4 vs < 4) were used 
to calculate by crude ORs the association between childhood separation anxiety disorder and combined genotype 
. B) For the association between adult separation anxiety disorder and combined genotype, the dichotomized 
ASA-27 total score (threshold for caseness: ≥22 vs <22) was used. Boldface indicates statistically significant 
results. (N are reported in Figure) 
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